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Al)stract. ‘1’llc production a[ld loss of stratoslJllcric  011 i[]~olvc  relatively fast,

rcactiol)s  Lllat :ire in Ilcar photochcmical  cquilibriu[n.  In this  s tudy,  we c o m p a r e  011

Illcasllrcd  by our  t ) a l l o o n - b o r n e  l“ar IIlfrarcd  l.ilnl) ol)scrvil]g  Sp(’ctrolnetcr  (1’’11,OS)

wittl that l)rcxlictcd  from a simple model that us(:s water and ozone fidds  obtained from
i[lstru]~]cl]ts  o]~ t.l]c Upper Atmosphere lkscal  ch Sakllitc  (U A1/S).  ‘1’his  comparison is

n]adc  for latitudes near 34N over a full diurnal cycle for five balloon flights that span a

I)criocl  of over two years. ‘J’]lc  ratio of mcasurcrncnt  to the photoctlcmica]  model  at 40

km is 0.96 with an uncertainty of 0.05 due to tllc  rncasurcmcnt.  (;onlparison  at other

a]titudcs and as a functio]l  of the cliurna]  cycle also snow cxccllclIt  agreement.
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SiI)cc tl)c rccogllitioll  c~f ]iurnan in)l)act 011 the atmosp]icm’, t~Ic! stratosl)})cre

has bccoJnc an ilnlmrtallt  focus of scientific investigation. A]lt,tl;o]mgcllic  dfccts  011

ozone dcplctiol)  Illccllanisnls  l]avc been  particularly important bccausc of possible

ac.coln])anyi]lg  effects on climate and incrcaxcl incid(:ncc  of skin cancer. ‘I’l Ic 110=

radicals, 011 and 1102 play critical roles in all cycles of ozone destruction. IIowever,

the chclnistry  of 110= is an uncertain area of stratosl)hcric  chclnistry.  In tile  chlorine

cycle, 011 is critical in returning lICl to c]llorine  atollls. In tile  nitrogen  cycle, tile 110=

radicals play a complex role in the cycling between reservoir spccics  and tllc  active NO

and  N02 radicals. In addition, 011 is tile  major oxi(lant  for mctlla]lc, S02, and the

lly(lrogcll-colltaiIli]~g  cllloro-fluorocarbons  (I1<;FC)  in the st.ratospllcrc.  I’ortunately,  the

cone.elltrat,ion of tl~c 110= radicals arc governccl  by fast p}:otoc}lcmistry  involving water

and ozone. ‘1’bus, concentrations of the HO= radicals can be implied from a small subset

of pllotochemical  reactions with little direct influence of dynamics. On t}lc  ot}lcr hand,

secure knowledge  of tllc  110= concentrations is essential to understanding tllc  other

cl~cmicai cycles  where 011 and ]102 are participants.

liclnote  scllsing  illstrlllllclltatioll  for measurement of tllc  110= radicals has  been

very  challenging. ‘1’llc Upper Atmospllcrc  ILcsearch  Satellite (U AI{S) }las a numhcr  of

illstrunlcnts  that can measure ozone and water, as well as key radicals in the chlorine

and nitrogen cycles of ozone destruction. Iiowcver,  ] emote sensing mcasurcrncnts  of

011 were not .suffic.icntly  mature at the time of UARS instrument scdcction.  Since then

we IIavc dcve]opcd  the ltar  Infrared I,imb Observing Spectrometer (l’ II,OS), which is a

ballc)on-borne  instrument measuring thermal limb exnission  of 011 at 101.3 cm-l and

118.2 CII1-l using a triple Fabry-Perot  intcrferomet,er [Pzckct/  and  })ctcrsont  1994]. In

addition to FII,OS, remote sensing of 011 from balloon can be macle with lidar [I{eaps

and  A4cGcc, 19S5] ant] with l’ourier ‘1’ransform  Spect romctxrs  [ 7raub  et al., 19S8;  Park

and Carli,  1991].

Column mcasurcmmnts  from the ground and in situ n~casurelnellts  complement

remote sensing Ineasurcments  of 11 Oz. Column 011 l]as bee[l measured extcnsive]y  from

tl)c ground using a FaLry-l)crot  instrulncnt  at 308.2 nm [Burweit  and Ilurmett,  19S3].

This provides a good time history from a limited set of locations. While very useful

as a stand alone instrument, it would be helpful to compare columns obtained with

tl~is technique with altitude resolved observations from space. in situ measurements of

011 and lIOZ using ultraviolet resonant fluorescence of 011 have bcc]l performed by the

Anderson group at I larvarc]  from balloon[~tim~~fie  c1 al., 1 990] and aircraft  [S’alaulitch

ci af., 1994].  h4casurcnlents  by this tccllnic]ue  are valuable for determining 011 in tllc

lower stratosl)llere, wllerc the far infrared instruments have  rcclucec{ sensitivity Lmcausc

of water val)or  absorl)tioll.

‘1’here Ilavc km a nulnbci’  of attenlpts  Lo estilllate 011 g]ohaiiy  using satc]litc
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ll~easurclncnts  of otllcr spccics. S a t e l l i t e  mcasurcmcllts of 11N03 arid Noz llavc

km uscxl  t o  d e r i v e  Ofi f r o m  l,Ihi S ohscrvations  [})ylc  c1 al., 1983]  by a.w+uming

pilot.ochcmical equilil~rium  in production and loss of 11 N03. Anotllc[-  approach is to

assu]]lc  pllotoct)cll]ica]  equilibrium for sources and sinks of 110= and t,lictl  to usc satellite

nlcasurcmcnts  of ozone, water, and other relevant spcf  ies to infer {)11.  ‘1’tlis  has ken

used by two groups [I)ylc and Zawxfy,  1985; Kayc and Jackman, 1986] to estimate 011

using I,1h4S and SAh4S observations.

In this paper wc will describe a simplified ~)hotc)chcrnical  model  for 011 which uses

ozone and water mcasurclncnts  from instruments on IJARS. Results froni  this Inodcl

will bc compared with clata  from 1~’II,OS  for Iatitudcs  Ilcar  34N over a full cliurna]  cycle

for five ballooll  flights that span a period of over two years.

Cl)emical Model

‘1’hc photocllcmical  moclcl wc use is based  on production of 011 by reaction of

water and mctl~anc  with O(* 1)) ancl  by direct photolysis  of water. lkstruction  of 110=

(011 -{ 1102 -i 11) is primarily by reaction of 011 witlj  1102, altllougl]  reaction of 011

with nitric acid, wl)ich converts 110=  to NO=, is included. Tllc ~)hoto!ysis and reaction

steps used arc gi vcn in ‘1’able 1. ‘1’l)c C113 radical produced in tllc  last two reactions is

assumed to be oxiclizcd to formaldehyde with a unit yield  of H02. IIowcvcr,  photolysis

of for]naldchydc  and other minor sources of HO= arc ]Iot included.

Photochcmical  cquilihrium  of O atom production and loss gives [0( 1 D)] =

J, [03] /kl[A4]  ancl [0] == J2[03]/kd[02][M].  I’lIc steady-state equation for the production

and  loss of 110= is

w}icrc assumption of steady-state for IJ N03 has been used to eliminate the dependence

on J4 and k14. Consideration of steady-state rate equations for [110 2] ancl [11] leads to a
pair of algebraic equations whic]l can be solved to give:

wllcre

c1 =  I.+J[o] +- I+ J[03] +  klo[No]

q F Jk,[o]  +- k,[b3]  + fk,[co]

-tk,l[llNo3]  +- kl~[cllq]

C3 = (1 - f)J. -i k,[O(l]~)]

k,3[02][A4]
f = ‘ “ ”- –” - ”  - ” - - - -  ‘ - - - - - -  -

k~2[03] + k]3[02][M]

(3)

(4)

(5)

(6)
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Note that j is tllc  fraction of Ii atonl  reactio[ls that IJrOdUCC 110? and is close  to uni ty

below 80 km. ‘J’hc final solution for [Oli]  is ol)tail;cxl by substituting Eq.(2)  into ftq.(]  )

and finding the positive root of the resulting quadratic cquatioll.  It Inight a~)pcar that

}’;q. (2) could lead to negative concentrations of 1102, but the form of tllc  solution is SUCII

that this never happens for positive rate constants a[ld concentrations.

Inclusion of chlorine chemistry would not change the 110= production and loss in

Rq.(1 ), since there is no net consumption of 110=. U1ldcr normal conditions, wc do not

expect that this extra chclnistry  will modify the partitioning of 110~ bctwccn 011 and
lIOZ. In fact, in much of tllc  stratosphere, this partitioning is dominated by the Icading

terms in the expression for c1 and C2.

‘1’hc rate constants arc taken from the NASA pane] for kinetic data evaluation

[Dcikfom cl al., 1994]. The Inost  climcult  part of the moclcl calculation is clctcrmining

t}lc  J values, which involves integrating photochemical  yields, solar irradiance,  and

opacity over wavelengths of 175-850 nm. We usc the solar irracliallcc  and absorption of

ozone and oxygen from Chap. 7 of the Wh10 report [ WfkfO, 1985]. Calculation of tllc

oxygen opacity inc.ludcs  contributions from tllc  Ilcrzl)crg  alld SclI{lll~alll)-It[ll~ge  bands.

Water absorption and 0(] D) pl]otochcmical  yields arc taken froln  the Iiinctic  data

evaluation [DC140T>C ci al., 1994].  T}IC total opacity calculations i~xludc  contributions

for the curvature of the Earth. (;orrcctions  fc)r multiple IVdctigh scattering arc maclc

using a six stream model [})rathcr, ]993] and assuming a surface albcclo  of 30%. The

surface albcdo  correction has significance only for the visible wavc]cngth  contribution to

J 2, which  only inftuenccs the altitude where the OJ1/llOz  raticj l~ccomcs dominated by

the O atom concentration.

(Jndcr  most circumstances, tllc  dominant contribution to tllc photochcmica]  model

comes from reactions that involve water and c)zone. ‘1 ‘hereforc,  concentrations for IIN03,

NO, CO, and methane are fixed at clilnato]ogical  values typical for a Iatitudc  of 34N.

A more refined usc of the model could include measured values for these molecules,

hut since their contributions rcl)rcsent  corrections tc) the dominant effects of water and

ozone, the error in using fixed va]ucs  should be small.

l’his  model was compared with results presented at the 1992 NASA Models and

Measurements  Workshop  [/Vasa  Ref. Pw!d. 1292, 1993]. Our results for J(O(] D)), O

density, 0(1 D) density, 0}1 dcl)sity,  and 1{02 clcnsity  were virtually indistinguishable

from the other moclcls.

Experimental Measurements

‘1’IIc balloon lneasuremcnts  of 011 reported here were obtained on five flights in t!le

sout]]wcst  UIlitccl States near 34 N latitude. I)articulars of tllcsc  flig}lts  are given in ‘1’able

2. ‘1’110 pressure range listed is tllc  atmospheric pressure (in nlbar)  at tllc  gonclola.
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lieinotc  st.ratosphcric  mc~surelncnt.s  of 011 arc very cllallcllgillg  bccausc  of the
strollgly  illvcrtcd  011 c,oncclltration  profi le . F’or Inorc  evenly  cfistributcd  spccics m o s t

of tllc  cmissioll  comes from at. [nosplleric  layels near tile tallgcnt  Ilcigllt.  In contrast,,

for 011 much of the emission near the line center coInes  from higl]cr  levels. IIowcvcr,

Letter tangent. level concentrations can be obtained by moving slightly off emission

line ccutcr, where the lower  altitude 011 is pressure broadcnccl  into  tllc in s t rumen t

~ pros-band. in fact, the derivative of tllc emission wit}) rcspcc.t  to low altitude 011 has

a maximum away from line center due to opacity near the line ce]ltcr. From space, 011

~crt,ic.al  concentration profiles with altitude call be made from approximately 20--80 km.

The lower limit comes from absorption by water and the upper limit comes from the

dccrea-sc in 01] conccntr-ation  in the high mcsospllerc.  For ballool]-based observations,

the information about concentrations above the altitude of tile  balloon is more limited

duc to observational geometry.

‘1’}]c  procedures for calibration and retrieval have been clcscribcd  in a previous

l)ublication  [Pickctt  and  l)ctcrso71, 1994]. Recently, two additional calibration issues

were discovered which signifrcallt]y  affect tile  quality of the results. They arc ( 1 )

determination of the cffect,ivc rcso]utiori  of tllc  scan]ling l’abry-l’trot ctalon and (2)

detcrll]ination  of the ccntcr frequency of the i]ltcmncxfiate  reso]ut  ion F’abry-Perot ctalon

wllicll acts as t,hc blocking filter for orders of the scalluing  ctalon.

l)ctcrmination  of the resolution of t}]c lPIIJOS sc.arrning etalon  at 101.3 cm-l has

always been determined Ly measurement of 1 I DO in a samp]c  cell at pressures t)ctwccn

0.6 rllbar and 5 mbar. ‘J’lIw the apparent cone.cntration in t}lc sample cell is rct,ricvccl as

a function of pressure using different, assurncd resolutions. Wc have consistently obtained

a full width at half maximum of 0.0016 cm --] at this frequency with an estimated

uncertainty of 8!%0. Recently, we applied the same ploccdule  to the 118.2 cm-l channel

using N113 as the calibration gas. For the retrieval we used tllc  recently dctcrmincd

self-broadening widths for N113[Bmwn  and }’ckrson, 1994]. Surprisingly, the resultant

ctalon  width is 0.0027 cnl--l, which is considerably larger t}lan a l~revious estimate which

assumcxl  that the resolution was linear with freclucncy.  This ncw value for the cffcctivc

resolution incrcascs  the 011 concentrations retrieved from t}tc 118.2 cm–l channel by

nearly 30% and makes the 011 concentrations retrieved from tl[c two 011 channels

identical  to within experimental error. In this work, wc have app]icd t}lis  new resolution

value retroactively to all previous mcasurcmcnts  that  used the 118.2 cm-l channc].

“1’IIc center frequency of the intermediate resolution etalon  is dctcrmincd  by mounting

the entire cryostat on our Brukcr  120 spcctrolnctcr  in one of the detector positions. It is

critical for this mcasurcmcnt  to align the optical axis of the Ilrukcr intcrfcrornctcr  with

the optical  axis of the cryostat. I’rcviously,  we performed tllc  alignment by maximizing

the dctcctcd  far infrared power  at tllc  detector . ‘1’his  proccdurc has  proved to Lc

illadcquate,  csl)ccially  wllcn  tllc  blocking filter is not exactly C.clitcrcd  on tllc 011 lines.
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Our ncw procedure is to rcplacc the usual polyctl]ylcne  window OII tile  cryostat with a

z-cut crystal quartz window and to align the focal aperture on tllc  liquid IIc cold surface
wit,ll  the visible light from the llg arc source from the spectrometer. “J’llis  procedure was

validated at 118.2 cm -] using the N 113 mcasurcmcmts described al~ovc. When the ccntcr

frcqucncics  based on the new procccture  arc used, the retrieved NI13 concentration was

1.003:0.07 volume mixing ratio. ‘1’lle N113 measurem(’nt  is particularly sensitive because

ttlc  lines arc on the edge of the blocking filter.

Correction of the data from earlier balloon flights is made diflicult  because the filter

ctalons have hccn adjusted on occasioll  to irnprovc  tllcir performance. F’ortunatcly,  the

118.2 cIrr ‘] channel  ctalons have not been modified from the bc~;inlling of 1993 until

the time of the improved measurcnlcI1ts.  I’lIc 101.3 CnI-l channel ctalons have been

modified, hut  there is a signature in t,hc calibration which reliably indicates tile  center of

tllc  filter ctalon. ‘1’his  signature is a sinusoidal component of the black Locly  calibration

signal which is clue to the fact that a different arnoul]t of black body light reaches the

detector when an order of the scanning h’abry-])crot  cta]on is ce]ltcrcd on the peak

of t.lic blocking filter than when tllc  orders stradcllc  tllc  filter. We thcrcforc use the

p]lase  of this component of the calibration signal  to determine the ccntcr frequency in

tllc  historical record. The shape of tllc  blocking filtc] for tile IIigbcr  frequency channel

is SUC1l  that the amplitude of this calibratioll  signatllrc  is greatly diminished and is

u nrcliable.  In the special case of our September 1992 data, wc acljusted  the position of

tllc  118.2 cJn- ) filter center frequency so as to make the 011 concentration the same for

both channels when averaged over all altitudes and over the entire flight.  ‘1’his  gave us

lower noise lCVCIS  over sllortcr  time intervals, but the data for the two channels is not

complctc]y  independent.

‘1’hc 011 concentrations for all the flights were retrieved using a common functional

form. lhdow the balloon, the data were f’rttcd to a distribution which was piccewise

]incar in number density with vcrticcs  separated by factors of 2.15 in pressure (N5 km

intervals) beginning at the gondola atmospheric pressure level. l~or tllc region from

2.5 km above the balloon to approximate] y 90 km, the 01 I concentration was scaled

to the photochcmical  rnodcl  using UARS temperature, wat.cr,  and ozone profiles. 011
concentrations for the intermediate 2.5 km region were  linearly intcrpolatcxl  in number

density from the sample point at t}lc balloon altitude and the assulncd  shape above the

balloon. Low altitude 01{ was constrained by an assumed a priori  011 profile which was

equal to the values prcdictcd  by the model with an uncertainty equal to the value of

noon-time 011 model prcxliction. The actual retrieval involved all iterative least squares

fit to all the data ill a selectccl  30--60 Ininutc  time pcl iocl.  As an aid in inter-comparison,

tl~c rctricvcd  011 c.oncmltrations  and tllc  uncertainties frolll the fit arc reported on a

stall(ial  d pressure Icvcl grid, tllcrcby  compel]  sating  for altitude c])angcs  duriilg  tile flight.
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‘1’l)e colllparisol]  of observccl  011 with model predictions was IIlade  for cacll  of the

five flights. ‘1’llc t,cnll)crature,  water al]d ozone fields for tllc  nlc)dcl arcobtaincd  from

UAI{S data.  l)ata frottl the Microwave l.irnb SoundcI  (MI.S)  011 IJAIUS were used f o r

tllc first two flights, while data from the Ilalogcn Occultation ltxlwrilncnt  (lIAI,OE)

were USC{l for the last three flights. The ]atitucfc  Inalch for cacll of tllc  data sets was

wittlin  2.5 dcgrwcs, whi]c  the longitude mismatch was a Iargc  as 1 (1 dcgrccs. h41,S data

were taken from the same day as the flight, wl~ilc  II AI,OE data were taken from the day

of best latitude match (which differed by M nluch  as 5 days froln  the day of the balloon

flight).

‘1’hc solar zcnitll angles used for the model period were clcrivcd from the actual

Iatitudc  and longitude of the balloon during the integration period along with the

]atitudc  and longitude of the sub-solar point. The the actual solar zenith angle along a

given lil~c of sight is also dcpcndcnt on the heading. l“or cxanlr~lc,  if the line of sight

is nortil at local  noon, the solar zenith ang]c  at a tallgcnt  heig}lt  of 30 km is 2.5° ]CSS

than tllc  solar zenith angle at the gondola.. IIowcvcr, for tllc  put})oscs  of the present

comparisol~, the solar zenith angle at the gondola is used. A more refined comparison

would also require that the ret.ricval account for ,gradicnts  in 011 along the line of sight.

Currently, we assume a spherically symmetric c.onccntration  dlstributionfor  tllc retrieval,

i.e. ILO concentration gradients along the line c)f sight, as do vi] tually  all limb  retrieval

algorit)lms.

‘1’hc diurnal Lchavior  of OH at 3.2 mbar is sliown  in Figure 1 and 2. While the

nolninal  pressure Icvcl is 3.2 mbar, this ICVC1  is actually rcprcscntativc  of the scaled

ciistribution  at higher altitude, as discussed above. IIowevcr, sensitivity analysis has

shown us that I“II,OS  is not particularly sensitive to 011 above 60 km, bccausc the 011

emission Iincs arc optically thick and cmissioll  at higher altitudes is absorbed by 011

bctwccn 40 and GO km. ‘The slight irregularities in tllc Sept. 1993 model profile arc due

to small latitude changes during the flight, w]lic}l  began near local noon and cxtcndcd

into tllc  next day. “1’hc diurnal behavior of 011 at 10 rnbar  is shown in Figures 3 and 4.

For both  ~)rcssure lCVCIS,  the shape of the observed diurnal variation is consistent with

the model. llowcvcr,  the May data at 10 mbar appears to Lc lower than the model by

25%.

1’llc correlation bctwccn the model and the observations

in l“igurcs  5 and 6. ‘Ilc solid lines arc present as a guide in

and have no further significance. The numerical results from

correlation curves is SI1OWI1  in ‘1’able 3. q’hc data at 3.2 rnbar

is SIIOWI] rnorc  directly

viewing tllc correlation

fitting the Slopes of such

show Iittlc variation from

flight to fliglit,  and the ratio SIIOWS  very good agrcclncnt,  bctwcc[l  obs.crvations  and the

model.  ‘1’hc data at pressures near 10 mbar IIas more scattcrl  and t.l)c diffcrcllccs  arc

correlated with season. ‘1’IIc F’cbruary  clata IIavc the highest ratios, tllc  May data liavc
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lowest  ratios, al]d tile  Scl~tcl~lbcr Clatatlavc ratios  in ihelniddlcalld  closc t o  un i ty .

A s  a n  a i d  in coI1ll)aring  the 1711.0S nlc~surcnlcl)ts  witl] groul)d-bascxl  colutnn

[l~casurclllcllts  of 011, wc l]avc ca]culatcd  tlkc column densi ty al.wvc 25 km. ‘1’his

quantity is calculatcc]  directly ill our fitting progralli, and inc]udcs  an uncertainty

cs~i]natc  based on ttlc  full covaliancc  of the fit. ‘1’hc diurnal variatic)lls  arc shown in

l“igurc 7 and 8. ‘1’llc right axis sl]ows the air mass (secant of tllc solar zenith angle)

for the corresponding local time. “1’hc differences bci  wccn observation and the model

just after sunset arc due to 011 above 50-60 km whu-c the cllcs]listry  is not likely to

bc in photochcmical  equilibrium. The model uscs the correct gcornctry  that accounts

for the later sunset at IIighcr  altitudes, but cloes  not account for ally time lag in the

disappearance of tllc  011. I’his l]igh altitude 011 rnalics  a bigger contribution just after

sunset  because the foreground 011 has already disal)pcarcd. ‘1’llc correlation plot of

01[ column in l’igurc 9 shows that the column is not very sensitive to the seasonal

difrcrcnccs  observed near 10 mbar. As can bc seen from the last row in Table 3, the

ratio of the cxpcrimcntal  column to the Inoclc] is unity within cxl)crilllcntal  error.

Conclusions

At altitudes of 40 km and above, or pressures ]owcr  than 3.2 rllbar,  tllc  average ratio

of obscrvccl  to moclcl  011 is 0.96 with an uncertainty of 0.05 due to the observations. At

these altituclcs, the 011 concentration is approximatc]y  propor~ional  to J-. The

cstilnatcd  uncertainty in tl~c satellite measumncnt  is 5 Vo for OZOIIC and 10 $ZO for water,

leading to 5 Yo uncertainty in the moclel 011 from th(’sc  sources. “1’hc uncertainty in the

rates also affect the absolute accuracy of the 011 moclcl,  but. the estimation of errors

is complicated by likely correlation between the reaction rates. 1<’or example, the ratio

kz/kl  should bc Letter known than the individual values. A critical rate constant for

the 011 mode] is tllc  rate for 110= loss, k3. l’hc uncertainty in k:, at 250 K is currently

4S Yo, which leads to an uncertainty of 22 % in the 011 concentration. Errors in J] and

in the solar flux will also r~roducc  uncertainty in the rnodcl  wllicll is approximately half

as large as the input errors. “1’hcrcfore,  the observed 01  I is in cxccllcnt agreement with

tllc  model 011, especially considering the uncertainties in both the observations and the

model. 1’IIc observed OH is also consistent with otllcr mca.surcmcnts rnadc with lidar

[Ifcaps  and  MCGCC, 19S5], with I“ouricr  Transform Spcctrolnctcrs  [ I}aub c1 al., 19S8 ;

l’ark and Car/i,  1991],  ancl with in situ measurements of 011 usil]g ultraviolet resonant

fluorcwxmcc  [Stimpjlc et al., 1990]. Ilowcvcr,  bccausc of cliffcrcnccs  in the solar zenith

ang]c  as well as sca.sonal diflcrcnccs  in ozone and water, it is difficult to compare the the

lncasurelncnts  to a level which is consistcllt  with tfhc cxpcrimcntal  error. I)uring several

of tt]c balloon flights, 11’II,OS has shared the gondola with cacli of the two far infrared

P’ou rier ‘1’ransform  Spcctromctcrs. l{csults  of this comparison will t~c t.hc sul>jcct  of a



11

. .

Table 2 .  F’11.OS  Ilalloon  I“ligllts

I)ate Latitude lJongitude l>[cssure

(mbar). . .
2/20/92 36.8 --37.1 251.5 --258.0 2.9-3.~

9/29/92 34.6 --35.8 256.8 --259.8 3.7-5.1

5/31/93 34.4 --34.9 253.2 --255.7 3.s-10.
9 / 2 5 / 9 3  3 2 . 3 - 3 4 . 5  2;,6.9-.25~.9 4.0-4.9

5/15/94 34. S-35.S 254. S--255.S 4.1-6.2
—

Table3.  Ratioof  ObscrvcclOll  / M o d e l  O H
. . . —. ——— .—— ——— .—. —. .

l’lcssurc 5/94 9;93 5/93 9/92 2/92 Average

(Inbar). . .. —. —- ---- —.. —
21.5 0.553:0.36  o.so:ko.57  0.s72  :0.10 1.36 :FT.Tl”-””--i’.473, 3 9 3 0 - 9 1 9 1  +0.09

14.7 0. G9i 0.15 0.95 A0.25 0. S9t 0.11 1.16+0.26  1 . 6 4  iO.49 0. S9t 0.08

10.0 0 . 7 4  +0.12 0.99 f0.23 0.7 SA 0.15 1 . 0 4  iO.24 1.75+0.33  O.ss +0.06

4.6 0.82*0.11  0. S7~0.19 0.723:0.22  0.933:0.10  1 . 2 4 3 , 0 . 1 6  0.92+0.06

3.2 0.96+0.10  1.02 f0.11 0.79 f0.29 ,0.93:+0.10  0.97 t0.13 0.96 ~0.05

CO] UIIII1 0.92 d: 0.10 1 . 0 4  :EO.11  0.923:0.37  0 . 9 4  310.1()  0 . 9 4  iO.13 0.96 ~0.05
. . ——
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fortllc.olllillg  pal)cr.
Our data for tile

nlmlcl.  ‘1’his  cOILllllll

011 colu Inn is also in exccl]cl]t  a~)rccmcnt  with  tllc pllotochcmica]

is  tile  illtcgral of 011 I]unlbcr  clcrlsity 011 a b o v e  25 km  a l o n g  a

vertical pat 11. ‘1’lle colltributiol)  to the 011 column call be csti[natcd  using observed

va lues  fo r  g round  ICVC1 011 [A40unl a71d L’isle, 1992]. Using a lnidrange  value  o f

2 x 106e7rl-3 and an effective tropospheric 011 scale  h[ight  of 11 kll~, tllc  tropospheric

contribution to the column is 0.22 x 1013c7n-’2. ‘1’l)e IIoon value fol total vertical 011

column for the h4ay 1994 flight (air mass == 1.05) is t}~ercforc 6.0 :! 0.6 x 10*3cm-2.

‘l”his  numhr is consistent with columns measured froln  the ground in the 1977-1979

period, but not with more recent measurements [llurt~ctt  et al., 1!389]. As discussed

above, tllc  1“11.0S mmsurc[nents  arc not sensitive to lnesospilcric  011 or tropospheric

011.  IIowevcr, for tllc  model 011 profile, the troposph(:ric contribution to the vertical

column is lCSS than 4 Yo of tile total and the contribution of 011 above 60 km is 25 Yo.

‘1’}lcrcfore,  a c]lange  of 011 column from 6 x 10 13 Cm-z  to 10 x 10]:~ cm- 2, as observed

by l~urnctt c1 0/., 1989, would require a 367 Yo incrcasc  in tllc n~csosplleric  011. The

FII,OS flight in Scptcmbcr  1993 is the only flight, of tile set of five flights, where both

mornil]g  and afternoon arc available. As can be seen from Figure 7, tllcrc is a hint of a

negative AM-l)M  asymmetry which is most plonounccd  near ail ll)ass == 3. IIowevcr,

this asymmetry can easily be attributed to a ’20 min lag in t,llc r)hotocllcrnistry.  Such a

lag is consistent w’it]l the time scale for the 011 production and loss reactions.

‘.I’IIc  observed seasonal effects are potentially very interesting but more work needs

to bc dolle  both  in tile modeling and in observations to understand the effect. Near

10 mbar, the 011 mixing ratio changes a factor of two with a c.hangc in altitude of

2.5 kn).  ‘rhcrcforc,  very subtle  cficcts in the mcasurclnent  or the Inodcl could inffucncc

the height, registration and lead coincidently  to the 25 Yo difference observed between

the May ancl Scptcmbcr  data.
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